Maize is the Queen of Cereals and has proven its utility as food, feed, fodder, fuel and raw materials for many industries. In order to meet the ever increasing demand of maize, the hybrid seed production plays an important role. The hybrid performance is based on its parental inbred potential and longevity. Accelerated ageing test is an efficient method to measure the seed vigour and to predict seed longevity. Single cross maize hybrids viz., CoH(M) 6, CoH(M) 8 and their parental lines viz., UMI 1200 (female parent of CoH(M) 6), UMI 1201 (female parent of CoH(M) 8) and UMI 1230 (common male parent of CoH(M) 6 and CoH(M) 8) were subjected to accelerated ageing test at 40 ± 1 ‫ﹾ‬C and 100 per cent relative humidity for a period of 10 days. The results of the study revealed that the hybrid seeds of CoH(M) 6 maintained their viability for a longer period up to four days when compared to CoH(M) 8 which maintaining its viability up to third day of accelerated ageing as per Indian Minimum Seed Certification Standard (90 per cent germination). All the inbreds lost their viability after the first day of accelerated ageing and the rate of deterioration was higher in UMI 1230. The other parameters like seedling length (cm), dry matter production (g/10 seedlings) and vigour index decreased upon ageing and electrical conductivity (dsm -1 ) increased with increase in accelerated ageing periods.
Introduction
Maize (Zea mays L.) is a versatile crop grown over a wide range of agro climatic zones. Next to rice and wheat, maize is an important cereal crop in the world with regard to total cultivated area and production. In India, it is cultivated in an area of 7.4 million hectares with a production of 27.14 million tonnes with an average productivity of 3.6 tonnes per hectare (Directorate of statistics, 2017).In Tamil Nadu, it is cultivated over an area of 3.21 lakh hectares with a production of 26.47 lakh tonnes with an average productivity of 8224 Kg per hectare. CoH (M) 6 is a single cross maize hybrid released during 2012 from Tamil Nadu Agricultural University, Coimbatore. Because of its superiority in performance, it was released for National level cultivation as CMH 08-282. It has high beta carotene (40µg/gm), semi dent orange colour kernel with yield potential of 8.6 t/ha in irrigated and 5 t/ha under rain fed conditions. The demand of maize is ever increasing due to its adaptability and resistance towards pest and diseases. The Gujarat State Seed Corporation, Bihar State Seed Corporation and Karnataka State Seed Corporation are involved in large scale seed production of hybrid maize to meet their demand. In Tamil Nadu also five state seed farms are involved in the production of hybrid seeds of maize.
Similarly, CoH(M) 8 single cross hybrid maize was also released at National level suitable for cultivation in Karnataka, Andhra Pradesh, Tamil Nadu, Gujarat, Bihar, Madhya Pradesh states. Karnataka State Seed Corporation made an agreement with Tamil Nadu Agricultural University for production of hybrids for popularization in Karnataka state. Hybrid maize cultivation is dominating in Tamil Nadu for more than 85 per cent of area. Seed deterioration, a natural process is expressed as the loss of vigour and viability of seeds during ageing or adverse environmental conditions. It is an irreversible degenerative process that occurs during storage in which seed vigour would deteriorate 500 times more rapidly at 40 ‫ﹾ‬C and 18 per cent moisture content comparatively at 20 ‫ﹾ‬C and 8 per cent moisture content. Accelerated ageing has been developed as an artificial ageing technique used to estimate the deterioration pattern of seed vigour during storage. Hence an investigation was carried to assess the potential relative storability of maize hybrids and their inbreds under accelerated ageing condition which would be useful for designing the hybrid seed production and marketing strategy for maize seeds. Further, the studies on physiological and biochemical changes would be helpful for better understanding of the pattern of seed deterioration of maize seed. DOI: 10.5958/0975-928X.2019.00059.0 Nadu Agricultural University, Madurai. The freshly harvested seeds of maize hybrids and their parental lines viz., (CoH(M) 6, CoH(M) 8, UMI 1200 (female), UMI 1201(female), UMI 1230 (male)) constituted the materials for the study. The seeds of above five lots were exposed to a temperature of 40 ± 1°C and 100 per cent RH for accelerated ageing as per the procedure adopted by Delouche and Baskin (1973) over a period of 10 days. The seeds which are not exposed to accelerated ageing are referred to as 0 (zero) day. The seed samples were drawn at daily interval and evaluated for physiological and biochemical characteristics along with the control seeds.
The germination test was conducted in four replications of 100 seeds from each sample in roll towel method with four replication as described by ISTA (2010) . At the end of 7 th day the final count was taken. The germination was expressed in per cent. Ten normal seedlings were selected at random from each replication and the length of root and shoot was measured and the mean was expressed in centimetre (cm). After measuring the root and shoot length, the ten normal seedlings in each replication was shade dried for 24 hrs and kept in hot air oven maintained at 85 ± 1 ‫ﹾ‬C for 1 hour and then, they were cooled for 30 min. The mean weight was expressed as dry matter production per 10 seedlings in gram (Gupta, 1993) .The vigour index was calculated as per the formula given by Abdul Baki and Anderson (1973) . The biochemical characteristics like Electrical Conductivity (Presely,1958) , Dehydrogenase activity (Kittock and Law,1968) , α-amylase activity (Paul et al., 1970) , Peroxidase activity (Malik and Singh, 1980) , Catalase activity (Luck, 1974) were also estimated. The data were subjected to statistical analysis by following the standard ANOVA method for Complete Randomized Design (Panse and Sukhatme, 1985) . Wherever necessary, the per cent values were transformed to angular (Arc-sine) values before analysis. The critical differences (CD) were calculated at 5 per cent probability level.
Results and Discussion
Accelerated ageing test is a widely used tool to estimate the seed deterioration. Seed technologists generally use this technique to predict the storability of seeds as it stimulates conditions conducive for seed deterioration. The process of deterioration by accelerated ageing condition is the same as that of natural ageing but only the rate of deterioration is enormous. In the present study, seed lots of maize hybrids and their inbreds were artificially aged at 100 per cent RH and 40 ± 1 ‫ﹾ‬C temperature over a period of 10 days. In present study, the data revealed that the fresh seeds of UMI 1200, UMI 1201, UMI 1230, CoH(M) 6 and CoH(M) 8 recorded the 92,94,96,98 and 96 per cent of germination, respectively. Upon ageing, the seeds of all the parental inbreds viz., UMI 1200, UMI 1201, UMI 1230 deteriorated at a faster rate and reached Indian Minimum Seed Certification Standard of 90 per cent germination at first day of accelerated ageing thereafter the germination started to decrease below 90 per cent. The rate of deterioration was more pronounced in inbred UMI 1230. The seeds of CoH(M) 6 reached 90 per cent germination on fourth day of accelerated ageing whereas CoH(M) 8 reached 91 per cent germination on third day of accelerated ageing (Table  2) . Decrease in germination percentage is related to reduction in root length, shoot length, dry matter production and vigour index (Fig 1) with increase in accelerated ageing periods (Table 2,3 and 4) . Similar results were reported in peanut (Sung & Jeng, 1994) , chickpea (Kapoor et al., 2010) and rice (Kapoor et al., 2011) . This reduction might be due to the lowering of the biochemical activities in seeds. The reduction in germination might be due to degradation of mitochondrial membrane leading to reduction in energy supply necessary for germination (Gidrol et al., 1998) .The decline in shoot length, root length and seedling vigour index might be attributed to DNA degradation with ageing which leads to impaired transcription causing incomplete or faulty enzyme synthesis essential for earlier stages of germination (plate 1).
In the present study, the electrical conductivity of fresh (unaged) seeds recorded 0.19, 0.17, 0.20, 0.07, 0.15 dSm -1 , respectively by UMI 1200, UMI 1201, UMI 1230, CoH(M)6 and CoH(M)8. Electrical Conductivity increases with an increase in ageing period and reached the mean value of 0.487, 0.434,0.490,0.378,0.388 dsm -1 for UMI 1200, UMI 1201, UMI 1230, CoH(M)6 and CoH(M)8, respectively (Table 5) . Gupta et al. (2005) reported that electrical conductivity increased after the seeds were subjected to accelerated ageing because of membrane deterioration and metabolic changes in the seed. Loss of seed vigour and viability is associated with deterioration of membrane properties. Likewise, the activities of dehydrogenase, α-amylase, peroxidase, and catalase were higher in control seeds whereas after 10days of accelerated ageing, the enzyme activity gets decreased (Table 6 and 7) . Chauhan et al., (2011) noticed declined dehydrogenase enzyme activity due to enzymes undergoing compositional changes by losing or gaining certain functional groups, by oxidation of sulf-hydral groups or by conversion of amino acids within the protein structure. The enzymes may undergo configurational changes such as partial folding or unfolding of ultrastructure and condensation to form polymers and degradation to sub units i.e., absorbance of dehydrogenase enzyme was decreased as the period of storage increased in sunflower. Verma et al., (2003) observed that the dehydrogenase activity was reduced as the ageing progressed and was found lowest after four year of storage in Brassica spp. Mustafa et al., (2010) found that a high level of correlation was found DOI: 10.5958/0975-928X.2019.00059.0 between the loss of seed viability and the decreased that occurred in dehydrogenase activity in onion.
Similar results of decrease in amylase activity was also reported by Norastehnia et al. (2007) who also noticed that as deterioration advances, there is accumulation of aldehyde compounds especially methyl jasmonte (MeJA) which is a potential inhibitor of amylase . The ageing period had significant effect on peroxidase activity. The decline in scavenging enzymes particularly peroxidase could be due to lipid peroxidation and sugar hydrolysis (formation of reducing sugars) was coupled to the Maillard reactions during seed ageing. Cakmak et al. (2010) also studied the decrease in germination ability of aged legume seed and found that it was correlated with decrease in activity of enzymatic antioxidant studies. Ageing coincides with protein denaturation and degradation, inactivation of enzymes, breakdown of phospholipids and depository lipids, lipid peroxidation and alteration of membrane permeability. CAT activity in onion seeds were observed to decrease upon ageing. These results support the hypothesis that a decrease in antioxidant enzymes is linked to an increased lipid peroxidation and accelerated ageing. Subsequently, Bailly et al. (2000 and 2002) proposed a positive relationship between antioxidant enzyme capacity and the vigour of the seed. It could be concluded that hybrids are better storer when compared to inbreds. Among the inbreds the rate of deterioration was very fast in UMI 1230. 
